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(57) Abstract: A probe card assembly that compensates for differing rates of thermal expansion is comprised of a multi-layered 
dielectric plate (30) interposed between a probe head (50) and a printed circuit board (10). The printed circuit board (10) has upon 
its surface a first plurality of electrical contacts arranged in a pattern. The dielectric plate (30) has a second plurality of electrical 
contacts arranged in a pattern matching the first plurality of contacts. Aplanari/ing inicrposer (20) is interposed between the plate 
(30) and the printed circuit board (10) and has a pattern of holes matching the pattern of electrical contacts on the printed circuit 
board and plate. The assembly further includes electrical connectors disposed within each of the holes arrayed in a pattern upon the 
planari/.ing interposer (20) conductive bumps (120) or fuzz, buttons (90) making electrical contact with the first and second plurality 
of electrical contacts. 
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PLAN ARIZING INTERPOSER 



BACKGROUND OF THE INVENTION 
This invention relates to the ma nufact Ure of p robe card assembhes used to test the 

c^J^T des,8n of probe cards for perfo ™- - — ■ -ti.i ayered 

a mic (MLC) plate ,s inserted between a probe head that has a plurahty of sma .l 
d^.eter probes positioned to contact circuitry on an integrated c Lit Z 2 id . 

testtng an ,„ tegraled circuit, eieetrica, connexion tnus, he made between , e MLC and th 
Pnnted circu,, hoard. Such . „„„ , » ML M he 

PCB usmg „ dust , slandard solderjng (echi) . uk to a « '° 

W c o d 0ctlng suc „ ^ at c , eva(ed iempemures fa 

«• 125 degrees Ce lsius , i, is desirabie t0 manuftc , ure ^ 

betarteleTTnrCTE h 7 n | al EXPanS '°° (CTE) C '° Se ' y """ ches thi " °f sililTwafcr 
CTEofth ^ \ °" " " PPn " degC ACCOrdi "«'^ " ' s P-f-d ,ha, ,he 

pp^C " " " aPPr ° X,ma,Sly 2 "'^ *" — «* - - 7 

ur , ^ mM s "'con. This requirement present-; a 

probien, when mating lhe MLC ,0 the P CB , as the CTE of pcB , s P ~— 

higher than that of silicon Because of th. Her • y PPm ' m " Ch 

and the PCB the 8 ° f eXpanSion W «» «•><= MLC 

PCB, there ,s a potenna, for the rigid soider conneCons to cracK under the 
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Typically, all probes of the probe head must be planar within a tolerance of a few 
thousandths of an inch. Careful control of manufacturing and assembly tolerances, as well 
as additional grinding and polishing processes, are required to maintain such a degree of 
planarity. Existing circuitry testing methods and apparatuses do not account for this 
5 difference of CTEs. For example US Patent No. 5,623,21 3 entitled "Membrane Probing 
of Circuits" and US Patent No. 5,841,291 entitled "Exchangeable Membrane Probe 
Testing of Circuits" are directed to the use of electrically conductive bumps on a flexible 
substrate or membrane to test electrical circuits. There is no suggestion or discussion that 
the system compensates for the differences of CTE inherent in the overall system. 

10 Likewise, US Patent No. 5,973,504 entitled "Programmable High-Density 

Electronic Device Testing" is directed to a system for testing high-density electronic 
devices. More particularly, this patent discloses the use of a test system with a multi-chip 
module to route signals between pads of a device under test and a test circuit. This system 
employs a membrane probe card and conductive circuit connection bumps. The 

15 membrane probe card is screwed onto the housing using a frame ring and is positioned 
between a pressure mechanism and the device under test. The conductive bumps are 
grouped on the membrane to correspond with the connection pad arrays. In an alternative 
embodiment, electrical connection may be maintained using electrical button connectors. 
Again there is no suggestion that the system be designed to compensate for the differences 

20 of CTE inherent in the testing system. 

Commonly owned US Patent Nos. 6,163,142 and 6,297,657, both entitled 
"Temperature Compensated Vertical Pin Probing Device," are directed to improved 
probing devices useful in testing integrated circuits over large temperature ranges. Both of 
these patents disclose methods and apparatuses complementary to the method and 

25 apparatus disclosed herein. 

Accordingly, there is a need for a method and apparatus useful to adjust the 
planarity of the probe head after assembly in order to correct for misalignment. Ideally, 
such a method and apparatus should minimize the need for critical machining and 
assembly processes. 
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BRIEF SUMMARY OF THE INVENTION 

■t is an object of the invention to find a m ethod of electrical.y and mechanicaHy 
connecting the MLC to th^ ppd ■ mouridmcaiiy 

PCB m a Way lhal w " *»™ f»r the diffenng rates of 
expans,on whtle maintaining electrical contact. 

5 adjust ,r,'" 0na "^ '' ' S ^ ° bJeC ' ° f ^ ir ' VCM,0n 10 ProVWe 3 <*««<* ™ y 

plananzation of the MLC relative to the PCB 

the PCbT " OVel T ^ PreSem ' nVenli0n mV0 ' VCS «'^"> ^ MLC to 
He PCB ,„ a manner tha, allows ^differing rates of , Henna, expansion as we,, as 

suttab, T ° T PenSa ' e d,fferinS raKS ° f thema ' « Pa " SI °" ' «» P-n, invention 

MLC I ° P c B a "r"" ^ - — a between the 

MLC and the PCB while maintaining a compliant electrical connection For ,h 

» a,na electrical conneotton and the ,n,egri, y of the components on either aid/ f th e 
interconnection regardless of differing rates of th«™,i 

nIo ■ 8 S 0t tnerma l expansion, and allows for 

plananzation of the head assembly Compltan, electnca, conneetton w„h the dice under 
es, (tntegrated circuit, ma y he maintatned ustng fuzz butlons or conduc[ive J™'" 
mbod.ments where fii 2z buttons are nsed, the p,a,e has a p,u r a,i, y of holes (also ca„ed 
■as or vta holes, drilled ,„ a pa„c m tha, matches the pattern of electrical col s e 
PCB. Fuzz buttons are then posttioned withtn the holes. In embodiments where 
oonduouve bumps are emp,o y ed, the conducttve bumps are screened or deposited onto 
land grtd array pads of the MLC and/or the PCB. 

In a firs, embodiment, there is disclosed a probe card assembl y for testing 
-grated circuits comprising, a mtthMavered dielectric plate interpo e d ^2 a probe 
head and a printed circuit board, the printed circuit board having arTaved ZlT 

========: 

palm h am '° and PriMed C,rCl " , b ° ard ' "•""*"« *~ having a 
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the printed circuit board; and a third plurality of compliant electrical connectors disposed 
within a multiplicity of the holes arrayed in a pattern upon the planarizing interposer, the 
electrical connectors making electrical contact with the first plurality of electrical contacts 
and the second plurality of electrical contacts. 
5 In a second embodiment, there is disclosed a method of adjusting the planarization 

of a probe card assembly comprising the steps of: (a) screwing the adjustment screws 
sufficiently tightly so as render the mounting ring in close proximity with the printed 
circuit board; (b) determining the planarization of said probe head; and (c) adjusting .the 
tightness of the screws to achieve a desired degree of planarization for the probe head. 

10 In a third embodiment, there is disclosed a method of assembling a probe card 

assembly comprising the steps of: (a) inserting each of a plurality of fuzz buttons into via 
holes using an electrically conductive tool; and (b) confirming electrical connectivity 
between the multi-layered dielectric plate and the printed circuit board. 

In a fourth embodiment, there is disclosed a method of assembling the probe card 

15 assembly of claim 1 , comprising the steps of: (a) providing a temporary plate to verify 

electrical connection; and (b) replacing the temporary plate with a multi-layered dielectric 
prior to testing. 

20 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic diagram of the probe card assembly according to the present 
invention. 

Fig. 2 is a cross-sectional representation of the probe card assembly. 
Fig. 3 is a cross-sectional representation of the probe card assembly depicting the 
25 use of fuzz buttons. 

Fig. 3a is a cross-sectional representation of the probe card assembly with through 
holes in the PCB for alignment purposes. 

Fig. 4 is a cross-sectional representation of the probe card assembly depicting the 
use of fuzz buttons with filled via holes. 
30 Fig. 5 is a cross-sectional representation of the probe card assembly depicting the 

use of conductive bumps between the PCB and the space transformer: ' 
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Fig. 6 JS a cross-sectional representation of the probe card *c u, 
use of conductive hu mps b e tween the PC B and MLC. " *° 

DETAILED DESCRIPTION 

- :::: ir:::::::;r r; ng in,e ^ h - *~ • - 

'". ^ * or conductive bumps (illustr 3,r in F ' 3 

— elechica, connection between 0,e PCB and ,he MLC T t 
'» specification reference to a MLC i. • , , , Throughout this 

" m,ended '° a ' SO '" d " d » mum-.ayereo 



20 



25 



30 



with pitoh of ,.27 mm (0.05 inches). While 0 05 i "he """^ '* 

*Po-« ,n the ,hro„gh-ho,es to provide an e.ecl, ^ y ^TT7 " 
connector is .ha. of a small cylindrical shaneH t wa y- A preferred elec.ncal 

-on is a commere.a, product J^^T ' T ^ * *» 
-oh as beryllium copper, ,ha, has heen compressed Ito H 7 ^ ^ 

and having spring-like „ r0M „. „ C ° mprOSS ' !d "»° » *« >» form a cylindrical mass 

The MLC 30 may be clamped to a mounting nng 40 which • „ 

10 ™»«. - — B-d below, .ha, afiows ^211 " » " 

adjusted. The moun.mg ring 40 is mounted to the PCB 10 " " " 

A prefers configura.ion employs .hree screws On !a 8 \ " ^ " 
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be adjusted.. The MLC 30 may optionally rest on a shelf 55 in the mounting ring 40. 
Preferably, the MLC 30 is clamped onto the shelf in the ring. 

Preferably, the mounting ring 40 is attached so that the MLC 30 is in close 
proximity with the surface of the PCB 1 0. The resulting compression causes the MLC 30 
5 to be held in the ring against the fuzz buttons 90 (as shown in Figure 2) in the interposer 
20. As a result, the fuzz buttons make electrical connection between the MLC 30 and the 
PCB 10. Since the electrical connection is not rigid,, the PCB 10 is free to expand at a 
different rate than the MLC 30 while continuing to make electrical contact. A probe.head 
(also called a test head) 50 (shown in Figure 2) can now be placed in a tester that 

10 determines the degree of planarization of the probe head 50. If adjustment is necessary, 
the appropriate adjusting screw 45 may be unscrewed slightly so as to level the probe head 
50. The Belleville washers 25 are selected to provide sufficient pre-load between the ring 
40 and the PCB 10 so as to ensure that the ring does not move under the normal loads 
applied during the probe test process. As shown in Figure 2, optional pads 1 85 may be 

1 5 deposited or brazed onto the MLC 30 or PCB 1 0 

In an alternative embodiment, as shown in Figure 3, the PCB 10 has hollow plated 
vias or via holes 100. Fuzz buttons 90 are inserted in the via holes 1 00. Preferably, the 
fuzz buttons 90 have diameters slightly larger than the vias 100 so that the fuzz buttons 90 
are held in place by compression. For example, the via holes 100 may be approximately 

20 0.76 mm (0.03 inches) in diameter and the fuzz buttons 90 slightly larger. In this 
embodiment, no interposer (shown in Figure 2 as numeral 20) is required, saving a 
significant portion of the cost of the interposer 20, and eliminating the need for alignment 
of the frame to the PCB 10. Accordingly, because alignment is inherently ensured, this 
embodiment has improved reliability. 

25 Preferably, the fuzz buttons 90 are inserted from the non-test side 1 60 of the PCB 

10 and are pushed through until an electrical contact is verified between the fuzz button 90 
and the MLC 30. The non-test side refers to the side of the board opposite the test head ' 
50. Such a configuration ensures that the final height of all the fuzz buttons 90 relative to 
the MLC 30 are nearly the same. To simplify the assembly process, it may be desirable to 

30 temporarily use an aluminum plate in place of the MLC. Use of such a plate simplifies the 
verification of an electrical connection. Preferably, a tool that is electrically conductive is 
used to push the fuzz buttons 90 through the vias 100, so that contact may be verified 
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replaced with the MLC 30 t, m, t . . d ls rem °«d and 

' >«er than the aclna , MLC » «-» *• -«P«, piate s, ig h„ y 

uai M.LC 30, such (hat tiie fuzz buttons 90 arp m 

This configuration ensures the alignment of rh, f u 

P- '35 may he op ,i 0 „ a „y emp , oyed |o ° *• «« -*» * additional 

of the MLC „ pp0 si,e , he lK , head " ° S C0 " ,aCt 0« *««) on the stde 

LOA P „,e monthePCB , 0 "Z r f "«MLC contact notches the 

^^^pcB 1 o teto zr^r h . ,,,cra,,o,,,v, ""- d - 

5 *e pads i„ the hole. A preferred a m ""^ so 05 <° earner 

-wa suitably re-center the ^T™. ^ ' eS, " ,& ^ ~»"< 
b«wee„ the ri„ g and the PCS i co " ' S ™ ^ *«™ ° r — 

b"«o„ s or condLe ZZ " ^ ^ MmPli ™ "«*- -acta (te 

figute 3a deptcts the use of site holes 200 to assist in the , 
assembly. sl lhe alignment of the 

Jn another embodiment, as shown in Fiaure 4 I™, 
^ eaed „ ith a pIurality of b , md ^ " ' - softer tea buttons may 

vias 1 ,0 ate fi „ ed such tha , „ K ' '* * ™ b °*™»>. the non-.es, end , 60 
Protrude bey„„ d , ne PCB 10 h ™ n " a " 0 " a """'en of ,„ e f u22 buttons , 0 

embodtment, the diameter of the vias 1 ,0 may he 
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larger than that of the fuzz buttons 90 as friction is no longer preferred to maintain the fuzz 
buttons 90 position. 

In an alternate embodiment,, as shown in Figure 5, an interposer 20 is constructed 
using a Pin Grid Array (PGA) 1 80 brazed to the contact pads of the MLC 30. The PGA 
5 mates with and is inserted into plated vias in the PCB. Spring washers 25 (such as 
Belleville washers) are placed under the mounting ring 40 at a plurality of locations, 
preferably three. Adjustment screws 45 (also shown in Figure 1) pass -through the washers 
25 to allow the planarity of the ring to be adjusted. Once properly planarized, the tips of 
the PGA, which protrude through the back side (non-test side) of the PCB, are soldered to 

10 the back side of the PCB vias 1 00. Optionally, to shorten the electrical path of the pins 

180, a conductive paste, such as a conductive epoxy or solder, may be injected or screened 
into the vias on the test head side of the board. Preferably, the inside diameters of the vias 
are larger than the pins so that when the pins are inserted into the vias, the paste fills the 
space between the pins and the vias to create an electrical connection. Such a 

15 configuration shortens the electrical path so that shorter pins may be used. The MLC 30 
may then be aligned using the method set forth above. Because an electrical connection 
has been created between the MLC 30 and the PCB 10, the test head may be mounted to 
the mounting ring and MLC 30, and a final planarity check may be done with the 
completed assembly. If necessary, the planarity may be adjusted. Once properly aligned, 

20 the assembly is cured, such as by a low temperature cure cycle, to set the conductive paste. 
Once planarity is verified, an epoxy filler may be injected under the MLC 30 to fill the gap 
between the MLC 30 and the PCB 10, increasing the bond strength between the MLC 30 
and the PCB 1 0. 

In an alternative embodiment as shown in Figure 6, fuzz buttons 90 may be 
25 replaced with compliant conductive bumps 120. These conductive bumps 120, preferably 
made of conductive epoxy, such as a metal or graphite polymer with an electrical 
resistivity less than 0.005 ohm-cm, are screened or deposited onto land grid array pads of 
the MLC 30 and/or the PCB 10. When the MLC 30 and PCB 10 are brought into contact, 
the bumps 1 20 form' a compliant electrical path between the MLC 30 and the PCB 1 0. 
30 The test head (not shown) is then mounted to the mounting ring 40 and aligned with the 
MLC 30. The test head's planarity is then tested to ensurfc proper planarity and adjusted, 
if necessary, by turning the adjustment screw 45 (of Figure 1) to bring the high side of the 
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head closer to the PCB 10 The Prn in , i 

1U - 1 ,,e FCB 10 and space transformer 1 30 * rP th*. u 
the epoxy is cured so thn, h thcn heated unt >' 

P xy cured, so that the space transformer 1 30 is held to the PCB 1 0 A 

"nder-fi„er is then injected under the MLC 30. ^ 
Optionally, the conductive bumps may be made of, ™m 

e ":" ,a,,nS — ** — S etorica , e„„ tac , WheT 1m I 

solder re-solidifies cooled, the 
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WHAT IS CLAIMED IS : 

1 . A probe card assembly for testing integrated circuits characterized by: 

a multi-layered dielectric plate (30) interposed between a probe. head (50) and a 
printed circuit board (10) said printed circuit board (10) having arrayed 
upon its surface a first plurality of electrical contacts arranged in a pattern, 
5 said dielectric plate (30) haying arrayed upon its surface a second plurality 

of electrical contacts arranged in a pattern substantially matching said first 
plurality of electrical contacts; 
a planarizing interposer (20) interposed between said dielectric plate and said 
printed circuit board (10) said planarizing interposer (20) having a pattern 
10 of holes matching the pattern of electrical contacts on said printed circuit 

board (10) and said dielectric plate (30); 
a mounting ring (40) clamped to said plate (30) and said mounting ring (40) 

attached to said printed circuit board (10); and 
a third plurality of compliant electrical connectors disposed within a 
15 multiplicity of said holes arrayed in a pattern upon said planarizing 

interposer (20) said electrical connectors making electrical contact with 
said first plurality of electrical contacts and said second plurality of 
electrical contacts. 

20 2. The probe card assembly of claim 1, characterized in that said mounting ring (40) 
is attached to said printed circuit board (10) with a plurality of screws (45). 

3. The probe card assembly of claim 2, characterized in that a washer (25) is 
interposed between each of said plurality of screws (45) and said printed circuit 

25 board (10). 

4. The probe card assembly of claim 3, characterized in that each of said washer (25) 
is a spring washer. 
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The probe card assembly of daim 4, charac.erized in ,„ at said Cectrica, confiacts 
a- arranged in array having a pi.cn of approximate^ , .27. 

The probe card assembly of Cain, 4, charac,eri Z ed in lhal said second p , ura|i(y 
conrpban, Cccrica, connect , conrpnsed of a p, uraIily of fu22 

The probe card assem , ly of c]aim , charac[crized n ta 

(45) are coun.er.snnk into said monnbng ring (40). 

The probe card assembty of c laim ,, characterized in ,ba. said prin.cd circn, bo.rd 
(^'nCudesoneormoreviaholesflOO, 110). 

The probe card a s S emb,y of Cain, 8, cbarac.erizcd .„ lhat sa , d fu22 
inserted into said via holes (100, 1 10). 



'0. The probe card a SS emb,y of Cairn 9, c ha r a c t erized in ,„ at said fu22 butto „ s 

have d ,ame,ers )arger ,„a„ to diameler of saM yia ^ ^ f ^ <*» 

H The probe card assemWy of Cairn 8, cbaracenzed in thal said one or mofe ^ 
20 holes are blind vias (110). 

■2. The probe card a SS emb,y of claim 1 1, cbaracenzed in ,„ al said fuz2 ^ 

are inserted into said blind vias (1 1 (),. <90) 

» '3. Tbe probe card assembly of claim ,2. characterized in tha, said fnzz buttons ,90) 



14- The probe card assembly of claim i ^ a • 

y lm char actenzed in that said third plurality of 

ZZ eleC ' r,Ca ' " ' S C ° mPriSed " ' — l tm 
(■20, tba, are screened onto said firs, piurabty of electrica, contact. 
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15. The probe card assembly of claim 1 , characterized in that said third plurality of 
compliant electrical connectors is characterized by a plurality of conductive bumps 
(120) that are deposited onto said first plurality of electrical contacts. 

16. The probe card assembly of claim 15, characterized in that said planarizing 
interposer (20) wherein said first plurality of electrical contacts is characterized by 
one or more land grid array pads (180) and wherein said conductiye.bumps (120) 
are applied to said pads. 

17. The probe card assembly of claim 16, characterized in that said conductive bumps 
(120) consist of solder paste. 

1 8. The probe card assembly of claim 1 7, characterized in that said solder paste has a 
low melting point. 

19. The probe card assembly of claim 18, characterized in that said solder paste has a 
melting point less than or equal to 100 degC. 

20. The probe card assembly of claim 1, characterized in that said multi-layered 
dielectric plate (30) further includes a pin grid array brazed (1 80) to said plurality 
of contact pads. 

21. A method of adjusting the planarization of a probe card assembly of claim 5 
characterized by the steps of: 

(a) screwing said screws (45) sufficiently tightly so as render said mounting ring 
(40) in close proximity with said printed circuit board (10); 

(b) determining the planarization of said probe head (50); and 

(c) adjusting the tightness of said screws (45) to achieve a desired degree of 
planarization for said probe head (50). 

22. The method of claim 21 , characterized in that said mounting ring (40) floats 
relative to the printed circuit board (10). 

-12- 



WO 02/061442 



PCT/US02/O27I 



23- The method of Cairn 22, characterized in that said screws (45) arc c , 

and further comprising the st™ „f counter-sunk 

P ismg the step of re-centenng the mounting ri nt£ ,4m rf, 
tesfng using sa.d counter-sunk screws (45). ^ " g 



24. 



A method of assembling the probe card assembly of claim 6 ,h 
steps of: y JaU11 6 ' characterized by the 

. "sssrcrr: ~ 

" -trr;i:;:~r 

^ fciae (j ym of the pnnted circuit board (10). 

A method of assembling the probe card assembly of claim 1 ch 
steps of: y lm cha ™ctenzed by the 

(a) prov idlng a temporary pJate ^ e]ectncai ^ 

(b) replacing said temporary plate with «■ i , • , 

testing. ' yPlaleW,thSa,dmil,tl - 1 ^dieJectnc(30)pn Orto 



26. 
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27. A probe card assembly for testing integrated circuits characterized by: 

a multi-layered dielectric plate (30) interposed between a probe head (50) and a 
printed circuit board (10) said printed. circuit board (10) having arrayed 
upon its surface a first plurality of electrical contacts arranged in a pattern, 
said dielectric plate (30) having arrayed upon its surface a second plurality 
of electrical contacts arranged in a pattern substantially matching said first 
plurality of electrical contacts; 

a mounting ring (40) clamped to said plate (30) and said mounting ring 
attached to said printed circuit board (10); and 

a plurality of fuzz buttons (90) arranged in a pattern corresponding to said first 
plurality of electrical contacts and said second plurality of electrical 
contacts making electrical contact with said first plurality of electrical 
contacts and said second plurality of electrical contacts. 

28. A probe card assembly for testing integrated circuits characterized by: 
a multi-layered dielectric (30) plate interposed between a probe head (50) and a 

printed circuit board (10) said printed circuit board (10) having arrayed 
upon its surface a first plurality of electrical contacts arranged in a pattern, 
said dielectric plate (30) having arrayed upon its surface a second plurality 
of electrical contacts arranged in a pattern substantially matching said first 
plurality of electrical contacts; 
a mounting ring (40) clamped to said plate (30) and said mounting ring (40) 

attached to said printed circuit board; and 
a plurality of conductive bumps (1 20) arranged in a pattern corresponding to 
said first plurality of electrical contacts and said second plurality of 
electrical contacts making electrical contact with said first plurality of 
electrical contacts and said second plurality of electrical contacts. 
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